I n this issue of Archives of Endocrinology and Metabolism, two articles help to increase our knowledge about the connections between thyroid status and energy metabolism. Although the relation between thyroid disease with obesity and metabolic dysfunction has been well established for many decades, some of their linking mechanisms are surprisingly still poorly understood.
Elevated irisin and alanine aminotransferase levels in hypothyroidism: role of oxidative stress?
Bruno Halpern 1 I n this issue of Archives of Endocrinology and Metabolism, two articles help to increase our knowledge about the connections between thyroid status and energy metabolism. Although the relation between thyroid disease with obesity and metabolic dysfunction has been well established for many decades, some of their linking mechanisms are surprisingly still poorly understood.
In the first paper, a cross-sectional observational study, Ates and cols.
(1) measured irisin levels of 37 patients with newly diagnosed hypothyroidism (and a mean TSH of 13.1 mIU/L) and 37 healthy volunteers.
Irisin is a recently identified proliferator-activated receptor-gamma coactivator-1α (PGC-1α)-dependent myokine that drives browning of white fat via elevation of uncoupling protein-1 (UCP-1), leading to thermogenesis and metabolic improvement (2) . It was demonstrated to be a cleavage product of the extracellular portion of type I membrane protein fibronectin type III domain containing 5 (FNDC5), that is released after physical activity. The isolation of irisin in 2012 led to a great rush in understanding its function and metabolic relevance, as it was initially considered one of the main drivers of the beneficial effects of exercise (2, 3) . However, its impact was weakened by further studies that questioned the metabolic relevance of irisin in humans since there is a substantial controversy whether humans are able to cleave the protein FNDC5 (4, 5) . This would happen due to humans have a truncated form of FNDC5 gene, and as a result, irisin levels be insignificant, and its detection in serum would be due to analytical interferences. Even though this theory is up to this time a matter of debate, many publications about irisin have arisen in the last years, both in animals and humans.
Another disappointment about the potential role of irisin in metabolic improvement (and maybe as a potential therapeutic agent) was the observation that obese individuals and patients with metabolic syndrome have higher levels of irisin and that weight loss (regardless of whether through caloric restriction or bariatric surgery) leads to a decrease in irisin levels (6) (7) (8) . Could this phenomenon be due to an "irisin resistance" analogous to insulin or leptin resistance or it could be due to a defense against metabolic impairment? These are questions still unanswered, and the first study in this journal issue points in the same controversial direction, demonstrating higher levels of irisin in hypothyroid patients (1) . In the study, the mean BMI was not statistically different between groups (27.77 vs 26.11 kg/m 2 , in hypothyroid and control groups, respectively) and the main parameters associated with irisin levels were age, TSH and free T4 levels. On one hand, these results are in agreement with a study in a murine model of thyroid dysfunction, in which an upregulation of irisin levels in both hyper and hypothyroid rats, as well as a positive correlation between irisin and Irisin and ALT in hypothyroidism Arch Endocrinol Metab. 2016;60/2 creatine kinase (CK) levels were observed. The authors concluded that the muscle oxidative stress present in both conditions could possibly be responsible for these results (9) , which were corroborated by increased irisin levels in statin-treated patients (10) . Acute exercise elevated irisin levels in all groups of thyroid dysfunction rats, although chronic training exercise did not, which provides consistency to the notion that irisin might possibly be secreted as a result of muscle acute stress, decreasing the likelihood of being a major factor of the eumetabolic status of physically active patients (11) . On the other hand, a cross-sectional human study with newly diagnosed hyper or hypothyroid patients found a negative relation between irisin and TSH levels, as well as between irisin and CK levels, with higher irisin levels in the hyperthyroid group. However, in contrast to the first article in this issue, there was not a control group of subjects with normal thyroid function (12) . Since hyperthyroidism is also associated with muscle stress, these results can be in agreement with a rise in irisin levels due to muscle damage. Clearly, the field has yet many gaps, but these data gives us insight of irisin being more an oxidative stress marker than a metabolic protective hormone.
In the second manuscript in this AE&M issue, also a transversal analysis data study, Silva and cols. evaluate the relationship of slightly increased alanine aminotransferase (ALT) levels (above the upper tertile) with thyroid diseases (13), mainly chronic lymphocytic thyroiditis. Although nearly 90% of the included patients took oral doses of levothyroxine, 52% presented TSH above 3.0 mIU/L, and of these subjects, more than 65% had ALT levels in the upper tertile (compared to 44.6% in individuals with normal TSH, statistically significant in bivariate and multivariate analysis). A positive correlation was also found between higher ALT and both systemic arterial hypertension and abdominal circumference. Although a relationship of overt hyperthyroidism with ALT levels and liver function is well documented, studies showing association with hypothyroidism are infrequent and, in this case, the link between higher ALT and TSH levels most probably reflects non-alcoholic fatty liver disease or non-alcoholic steatohepatitis (NAFLD/NASH), as suggested by the presence of metabolic syndrome components (systemic arterial hypertension and increased abdominal circumference). Even though ALT level is often considered an easily accessible surrogate marker for evaluating underlying liver disease activity and severity of liver injury controversies remains about the prognostic value of ALT levels in determine NAFLD progression to NASH (since patients with normal ALT levels can reveal in the liver biopsy an advanced liver disease) (14, 15) . Nevertheless, there is indeed evidence of ALT as a prognostic factor to the development of type 2 diabetes and cardiovascular disease (16). Silva and cols. results are in concordance with several other studies that evaluated the relationship of both hypothyroidism and NAFLD/ NASH. A linear relationship between TSH levels and NAFLD (diagnosed both by abnormal liver tests and ultrasonography) was reported by Chung and cols. even in upper normal TSH levels and independently of any other known risk factor (17) . In this study, there were a 40% increased risk of NAFLD in individuals with TSH between 2.5-4.5 mIU/L compared to individuals with TSH lower than 2.5 mIU/L, which still yield more controversy regarding the never-ending discussion of whether to treat or not subclinical hypothyroidism. A systematic review found a 15.2% to 36.3% prevalence of hypothyroidism in patients with NAFLD/NASH and concluded that hypothyroidism should be added to risk factors of NAFLD/NASH (18) . What remains to be known is if hypothyroidism predicts or not the severity of fatty liver disease, since different studies yielded controversial results (17) (18) (19) (20) . Interestingly, however, is the possible role of oxidative stress and mitochondrial dysfunction in the pathogenesis of NASH. In parallel with what occurs in muscle, hypothyroidism could also have a role in hepatic oxidative stress. For example, several markers of oxidative stress as serum malonildialdehyde, a lipid peroxidation marker, as well as reactive oxygen species and nitric oxide have been shown to be elevated in hypothyroidism (21, 22 ).
In conclusion, the possible role of oxidative stress could be a point of contact between both studies in this journal issue. Hypothyroidism, wrongly considered to be a major cause of weight gain due to decreased energy expenditure by the general public, apparently has a more subtle effect on metabolic impairment at the intracellular level, and although there may be a lot of causes, since thyroid hormones are ubiquitous in the body, oxidative damage should not be discarded as a possible explanation for higher irisin and ALT levels observed in these studies.
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